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INTEGRATED TECHNOLOGY PLAN FOR THE CIVIL SPACE PROGRAM

SPACE RESEARCH & TECHNOLOGY

CIVIL SPACE

TECHNOLOGY INITIATIVE

TRANSPORTATION
TECHNOLOGY

ETO Transponation

Spaca Transportaton
Technology Flight Expts.

r
RESEARCH &
TECHNOLOGY BASE
DISCIPLINE SPACE
RESEARCH SCIENCE
TECHNOLOGY
Asrotharmodynamics —_—
Space Energy Sclence
Pmmi:‘::v ersion Qbservatory Systams
Materials & Structures scmwmm
information and Controls Situ Science
" H:mm Suppotrl‘ . Technology Flight Expts.
Space Communications
E—— PLANETARY
SURFACE
UNIVERSITY
PROGRAMS TECHNOLOGY
Surtace Systems
Human Support
SPACE FLIGHT RAT Technology Flight Expts.
SYSTEMS
ANALYSIS

SPACE
PLATFORMS
TECHNOLOGY

Earth-Orbiting Platforms
Space Stations
Deep-Space Platlorms
Tachnology Filght Expts.
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OPERATIONS
TECHNOLOGY

Automation & Robotics
Infrastructure Operations
Inlo. & Communications
Technology Flight Expts.

LBF40319



SPACE R&T MISSION STATEMENT

OAST SHALL PROVIDE TECHNOLOGY FOR FUTURE
CIVIL SPACE MISSIONS AND PROVIDE A BASE OF
RESEARCH AND TECHNOLOGY CAPABILITIES TO SERVE
ALL NATIONAL SPACE GOALS

® IDENTIFY, DEVELOP, VALIDATE AND TRANSFER TECHNOLOGY TO:
- INCREASE MISSION SAFETY AND RELIABILITY
- REDUCE PROGRAM DEVELOPMENT AND OPERATIONS COST
- ENHANCE MISSION PERFORMANCE
- ENABLE NEW MISSIONS

® PROVIDE THE CAPABILITY TO:
- ADVANCE TECHNOLOGY IN CRITICAL DISCIPLINES
- RESPOND TO.UNANTICIPATED MISSION NEEDS

LBF4194B

INTEGRATED TECHNOLOGY PLAN FOR THE CIVIL SPACE PROGRAM

SPACE R&T PROGRAM DEVELOPMENT

SPACE R&T PROGRAM
STRATEGIES AND DECISION R

~

INTEGRATED TECHNOLOGY PLAN
ASE R&T, FOCUSED R&T, FACILITIES, R&P.

MAY 4, 1891
JCM-7888
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INTEGRATED TECHNOLOGY PLAN FOR THE CIVIL SPACE PROGRAM

RESEARCH & TECHNOLOGY STRATEGY

@ 5-YEAR FORECAST INCLUDES

'93 THRU '97: COMPLETION OF INITIAL SSF
LIMITED SOME SHUTTLE IMPROVEMENTS

NEW STARTS INITIAL EOS & EOSDIS
SELECTED SPACE SCIENCE STARTS
NLS DEVELOPMENT -
INITIAL SEI ARCHITECTURE SELECTION
EVOLVING GEQO COMMERCIAL COMMSATS
MINOR UPGRADES OF COMMERCIAL ELVS

® 10-YEAR FORECAST INCLUDES

FLIGHT
PROGRAMS
FORECAST

98 THRU "03:
MULTIPLE

NEW STARTS

TO BE LAUNCHED
IN 2003 THRU 2010

SSF EVOLUTIONINFRASTRUCTURE

FINAL SHUTTLE ENHANCEMENTS

ADVANCED LEO EOS PLATFORMS/FULL EOSDIS
MULTIPLE SPACE SCIENCE STARTS

NLS OPERATIONS/EVOLUTION

EVOLVING LAUNCH/OPERATIONS FACILITIES
INITIAL SEVLUNAR QUTPOST START

DSN EVOLUTION (KA-BAND COMMUNICATIONS)
NEW GEO COMMERCIAL COMMSATS

NEW COMMERCIAL ELVS

® 20-YEAR FORECAST INCLUDES

‘04 THRU "1
MULTIPLE
OPTIONS FOR NEW
STARTS TO BE
LAUNCHED IN
2009 THRU 2020

SSF-MARS EVOLUTION

BEGINNING OF AMLS/PLS DEVELOPMENT
MULTIPLE SPACE SCIENCE STARTS

DSN EVOLUTION (OPTICAL COMM)

INITIAL MARS HLLV DEVELOPMENT
EVOLVING LUNAR SYSTEMS

MARS SE| ARCHITECTURE CHOSEN
LARGE GEO COMMSATS

NEW COMMERCIAL ELVS
LBF40305
(ICM-7602)

SPACE RESEARCH & TECHNOLOGY PROGRAM

EXPERIMENTS
1%

TRANSPORTATION
14 %

SPACE SCIENCE
5%

OPERATIONS
10 %

FY 1992
$309.3M

EXPERIMENTS

TRANSPORTATIO 10 %

SPACE SCIENC
11 %

SPACE PLATFORMS.
7 %

RN
PLANETARY SURFACE

FY 1993
$332.0M

LBF 40423c
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OSSA TECHNOLOGY NEEDS

H H REVISED
Grouped According to Urgency & Commonality NOVEMBER 15, 199)
Deieciors: 1R S5 & Ge aemayy, Ci N N . N By .
) ryogenic Sysiems High Frame Rate, | 2.5 - 4m, 100K l Fluid Diagnostics { Real-Time Solar ‘ Teleroboti High Teans-
muldplexces, CCD, optical, Xe. . Optics, coolers. High Resolution | Lightweight, PSR Redimion | Amayscells | 10O | o UV
3} non-cryo IR, high punity Ge, sensor kg . Monitorin
QY resdout electsonicn & wanel sensors shielding, electronics Video onitoring (L SZSE) (SN Fillers
= 58 5L.52.5% e ST SESLSS) | (SN, SL) 52 (SN) (s8) s\ © (52)
| Submm & Microwave ech: Vibration Tel A d - RedHadPas | SolidLiquid  LaserLight  High K-band
a: - SIS 1.2 TH2 M Rec. Technology Telepresence, - Biomedical - - & Deteclors Intesfs Scaiterh 1 T
a -~ Active SAR Ma*gud':‘“:;:' ) | &A1 L Analysis S : Characterization . e
pza T (SN, 5Z.58)| (SN.SL.5BY . (SH) (SZ.5L) B ASNL R €
Efficient, Quiet o Extreme Upper Bateries Real-Thme Space Qualified | Field Portable ~ Advanced  3-D packaging Rapid Subjecy/
Refrigerstor/Freezer Atmosphere -- Long lfe time Eavironmental maser & ion Gas Chromao-  Furnace for | MB Solid Sample Delivery
Lnstrument Pladorms «- High energy dengity Control & Clocks graphs Technology Staste Chips & Rewrn
(5B} 9] (L7 Mommln; (SB) (5Z) 1 (SB) (SN) (52) Capability (SB)
i : [Fnicrasyriema Lowdnft T R e R e S St
Lasare: 1 L;nn-l]l,!‘s tﬁl','.mmm'ﬂ'gm fovers Gyros, . Cnmbu jon . Plisma Ware ;_ﬂdl, wire.. - NonConiact - Ulwa-high - Micobial
ueadle _ descent Imager, camein, RTG| . Trackers, " Therinal Electoidts Temp gablysee . Delontaminat
. ’ ;mmveh!cleﬂmdu sic. | Achuabds ERRR e I S . Measurenient | T‘f‘”“‘“’? . Methods
(SE, 5Z, SL. 5B) y SIS ey, 5 A8y €10 ) (SN (82) .00 (SH)
Dat lmr'm"!'d -specific Tech: | Microphonics Auto SC Improved EVA | Thermal Special I’urpou Animal & Plent
- H)!h Vo!ume.}“gh (3] Technology, Moniioring SuiPLSS Conwol s Reproduct)
Density, High Data - aetive delay lines FET develop- Fault Recovery {(EMUY System Simulator Syst.  Aids
Rate,On-board Storage & -- congol-strucrures inleracl | mepy
COMESSion(SE. SL.SN.SZ) (8, 5L, 5B (SZ) (5L} (58) 52y (SB) (58)
. T udleolwm > X-ruy Optica Tech; SETT Tochnsloxies PR 4 Nonbuwclfvl Nan-Desguctive .
Controlled o tronment for Molel ~Imaging system 7 > Microwars ; i Coumic Dust -
Large Antenna § & Daia Assimilation, * dcalLaer Coliéction’
Amays/Deployabls qunlmuonCnnpuudmﬂ gz don - - Vie
(SE, $Z, S8, SB) Teckriques “ (SE: SL, SZ) LT e iy
Intesspacecraft Ranging Large Filled Apertures Sample Acquisition,  32Ghz TWT  High
4 . Dust
& Positoning ~ Eightweight & sable optics | Analysis and Opteal Resohidon | frecoan’ Lo pection
E Precision Sensing -+ Cryo optical ver., fab., tex. Preservarion p o Therma 123 c Jupiter's Rings
1] Pointing & Control - Deformable mirrors y F Care Delivery P 8
[ {58, 5L) (SL. 55) (SB) (SL) Systems (SB) (SL)
— Radiaiion ) SlS?Thz Human - ot R )
" Shielding for tifici L
(L‘u Crews
L] 58
l HIGHEST 2nd-HIGHEST, o | b 3rd HIGHEST,
- -— -— o | -t ———
PRIORITY PRICRITY o1 PRIORITY
§B: 10 SN:4 : 10 SN 5
H : 2 -
Tally: :g: :;’5 SE:l $:2 SE0  55:0
sLy Sz h SLT s SLs SZ6

* Mission Performance Factors
— Specific Impulse (Isp): Determines propellant mass
— Power Level (R): Affects trip time
— System Specific Mass (a): Determines trip time limits
— Thruster Efficiency (): Affects trip time, vehicle mass

Paramete;

Isp

Desired Range
High (>5000s)

High (MWe)

Low (<10 kg/kWe)

High (>50%)

chvaumn:um'ln o SpacaFrogan Aeview 37482

Mission Impact

Low initial mass,
Resupply mass

Reduced trip time

Reduced Mass,
trip time

Improved mass,
trip time

Office of Exploration —J

Vo 12192
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TRANSPORTATION TECHNOLOGY

PROVIDE TECHNOLOGIES THAT SUBSTANTIALLY INCREASE OPERABILITY,
IMPROVE RELIABILITY, PROVIDE NEW CAPABILITIES, WHILE REDUCING

LIFE CYCLE COSTS

® ENHANCE SAFETY, RELIABILITY, AND
SERVICEABILITY OF CURRENT SPACE
SHUTTLE

e PROVIDE TECHNOLOGY OPTIONS FOR
NEW MANNED SYSTEMS THAT
COMPLEMENT THE SHUTTLE AND ENABLE
NEXT GENERATION VEHICLES WITH RAPID
TURNAROUND AND LOW OPERATIONAL
COSTS

¢ SUPPORT DEVELOPMENT OF ROBUST,
LOW-COST HEAVY LIFT LAUNCH VEHICLES

o DEVELOP AND TRANSFER LOW-COST
TECHNOLOGY TO SUPPORT COMMERCIAL
ELV's AND UPPER STAGES

o IDENTIFY AND DEVELOP HIGH LEVERAGE
TECHNOLOGIES FOR IN-SPACE
TRANSPORTATION, INCLUDING NUCLEAR
PROPULSION, THAT WILL ENABLE NEW
CLASSES OF SCIENCE AND EXPLORATION
MISSIONS

91-8048

TRANSPORTATION TECHNOLOGY

ALT

ol
T WIS T T B L

+ Light Structural Alloys

* SSME Improvements « Improved Health Monltoring

« Durable Thermal Protection Systems « Lidar-Based Adaptive Guildance & Control
‘JEFGENEMBN*M*NNEB—?H*NSPC.'}TS
« Configuration Assessment « Malntenance-fres TPS « Composites & Advanced

Lightweight Metais

« High Frequency, High Voitage Power - Advanced Reusable Propulsion
+ Vehicle-Level Health Management

Managament/Distribution Systems
+ GPS-Based Autonomous GN&C

+ LOX/LH2 Propellant for OMS/RCS For Autonomous Operations
HEAVY-LIFF-GAPABILITY.
» Advanced Fabrlcation (Forming -
& Jolning) + On-Vehicle Adaptive Guldance & Control - Health Monitoring for Safe
+ STME Improvements « Systems & Componaents for Electric Operations
. Actuators » AL-LI Cryo Tanks
——LOW-GOST COMMERGIAL
. Anornalreﬂagosierr Concepts . Low-Cost Fab./Automated . gon;lr::ﬁ::_ ::glng Processes for
+ Advanced Cryogenic Upper Stage Processes/NDE ryog
Engines » Fault-Tolerant, Redundant Avionics
- IN-SPAGE-TRANSPORT
+ High-Power Nuclear Thermal & Electric Propulsion

~ » High Perlormance, Mulliple Use Cryogenic ) h;gg;;::‘m, Low-Loss Management of Cryogenic

Chemical Engine Aut
= Highly Rellable, Autenomous Avionics N onomops Hendezvous, Docking & Landing
» Aeroassist Technologies

» Low Mass, Space Durable Materials

91-8066
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TRANSPORTATION TECHNOLOGY MISSION MODEL

1990 - 1995 2000 2005 2010
EVOLUTION
SHUTTLE
PERSONNEL LAUNCH SYSTEM ADVANCED MANNED
NEW MANNED LAUNCH SYSTEM
SYSTEMS '
NASP/X-
HEAVY LIFT " . ,
LAUNCH VEHICLES T INITIAL
HLLV STME
(HLLY) CAPABILITY LUNAR
COMMERCIAL EVOLUTION UPGHADES
LAUNCH VEHICLES e it PE F NE e e i
& UPPER STAGES NEW LAUNCH
VEHICLES
SPACE CHEMICAL NUCLEAR THERMAL/
TRANSFER ELECTRIC
VEHICLE/LANDERS (LUNAH)
I
1990 1992 | 1993 | 1994 | 1995 | 1996 | 1997 | 1998 | 1999 | 2000
SHUTTLE OEX] ht D ! ! Int. lllIdH aith
ENHANCEMENT Ayt ompioe m'.ﬁ.'hgc..lmy
T Vacuum Plasma s;:ny ‘mnui
Chamber Dema in TTB
|
NEXT omb,, 'opmn.d Identity Preferred (‘ar:vldo MA'.mhuum cc'mlg Select Candiidate
GENERATION Annlylll Concept
MANNED 5 5 T e e A
TRANSPORTS S§TO Assersment Idantily Preferred Intogral Btructural
Complete Vehicle Concepls Concept Demo
| | [
HEAVY LIFT ntegrated AGNSC, CASE, AIPS
CAPABILITY Dern
{28 b, | R ; TR AT B AT
Comglets CFD Tools Varlty System Moritoring for A, M. N
for Turbine Oulgi'l PraFlight Chechout and Inflight Combustion Chambars, Nozzies
, Surdowe I |
LOW-COST ' " Cooperative ' Boaser Engine | Advanced VHM
COMMERCIAL Industry/Governmant ongram Defined Concept Varificstion Damonstrated
TRANSPORT EESAITNNARE S Carh, ASTUSSEEY VA SRR &
Continuaus Forged AL-U O2H2 Expander Cyde
Cryo Tank Test Article Verlfication
: |
SPACE Asroassist Flight Cryo Engine
TRANSFER 7 : Exper on
VEHICLE/ BRI WA PRSI T S S N W EANINA T rarn Y
LANDERS Breadboard Cryo Englne Selsct Nuciear Thermal Uts-Reliebis
TesiBed - 4 Electric Concepts Avionics Architecturs
j | Defined
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SPACE PLATFORMS TECHNOLOGY

DEVELOP TECHNOLOGIES TO INCREASE ON-ORBIT MISSION EFFICIENCY
AND DECREASE LIFE CYCLE COSTS FOR FUTURE MANNED AND
UNMANNED SCIENCE, EXPLORATION & COMMERCIAL MISSIONS.

o DEVELOP TECHNOLOGIES THAT WILL
DECREASE LAUNCH WEIGHT AND
INCREASE THE EFFICIENCY OF SPACE
PLATFORM FUNCTIONAL CAPABILITIES

o DEVELOP TECHNOLOGIES THAT WILL
INCREASE HUMAN PRODUCTIVITY AND
SAFETY OF MANNED MISSIONS

e DEVELOP TECHNOQLOGIES THAT WILL
INCREASE MAINTAINABILITY AND
REDUCE LOGISTICS RESUPPLY OF
LONG DURATION MISSIONS

¢ [DENTIFY AND DEVELOP FLIGHT
EXPERIMENTS IN ALL TECHNOLOGY
AND THRUST AREAS THAT WILL
BENEFIT FROM THE UTILIZATION OF
SSF FACILITIES

91-8052

SPACE PLATFORMS TECHNOLOGY

————————————— O R BN G-PEATEO MG
o ) ) 4L B LA RLLIA

« Structural Dynamics « Power Systems
« On-Orbit Non-Destructive Evaluation Techniques « Thermal Management
- Space Environmental Effects + Advanced Information Systems
—— SPASESTATIONS
» Regenerative Life Support - Extravehicular Mobllity
« Integrated Propulsion and Fluid » Telerobotics
Systems Architecture + Artificial Intelligence

Falbnt
SPAOE-BASED-LABORATORYANB-FESTFBER e

- Explolt Microgravity and Crew Interactive Capability
to Advance and Valldate Selected Technologies

oW et red n W] 0 § AL
BEEP-SPAOE-MIOSIONS

- Power and Thermal Management -« Propulsion + Guidance, Navigation and Control

H 91-8053
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SPACE PLATFORMS TECHNOLOGY MISSION MODEL

1990 1995 2000 2005 2010
T
EARTH EOSSAR
OBSERVING
SYSTEM EOS GEO
MTC FOLLOW-ON PHASES
.| sPACE sTATION 1 USER OPERATIONS
FREEDOM s . i
PMC
LUNAR OBSERVER MARS NETWORK
SPACE SCIENCE AErAT
SOLAR PROBE
ATDRSS GEO PLATFORMS
COMMUNICATIONS 2 NutevwaT e iz if Ng o
SPACE PLATFORMS MILESTONES
7990 1891 1992 1993 1994 1995 18996 1897 1998 1999 2000
EARTH b Tes Lovech Middock Acteor  rma 100 W0
ORBITING o vty (LthwMTutBad ove S
PLATFORMS Mol , »
Yy CHeA S STA A A L
Conduct CSH atory ! .
Benefits s:a:- L:b:.u';vo: :' MWLEO omwmm
for Muld-PAL On-Orbh ND} Msteorid & Debris Technologies
Patiorms & Technologles Model
Attached P/L
I 1
SPACE . . Scale Portable
STATION pri P vptrivey e P et WPrapatant.
Cmﬂquulklm Reslstojet
- i £ = LT 2
ol SOA Contaminent Tuloud Plave m::m?
Sensors ] ’
DEEP
SPACE
PLATFORMS

L1
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SPACE TECHNOLOGY PLANNING CYCLE

‘Winter
Integrated NASA
Space Technclogy
Headquarers Codas —>] Ptan - Baseline RAT Base &
Raview of Detailed Focused R&T
Technology Plans f Program Revisions
OMB Budget
Agtor & Submit \Q
1o Congross
SSTAC ASEB adi ) S_STAG .
Raviow Preliminary Review
Detaded of Pianning
Review
Program .
RATBase & integraiad NASA
Fall Focused R&T . [4— m’ Tog“::od: Space Technology Sp”ng
Program Plans Coordination <+ Annua! Plan - Revised
OAST Guidshines P Spring Preview
for Program [T Toch. Nesds Technology
Planning Anvwdl Toput Budget To Code A
Non-Advocate
Tach. Project r 4
Raviews
Administrator SSTAC
OoMB Budget 6 Raview of Integrated
Budget R4 Decdls Spaca Tech. Plan
Subemission %] Final lntegrated 4] P
Annual Plan and

Budget To Code A

Summer

March 25, 1981
JCM-72070

INTEGRATED TECHNOLOGY PLAN FOR THE CIVIL. SPACE PROGRAM

TECHNOLOGY READINESS LEVELS

Basic Technology oo
Research LEVEL 1

YYYYTRY PR PNy resrsarses

LEVEL 2
ResearchTo ¢ . .
Prove Feasibility s
* LEVEL 3
?
l’ —
Technology : LEVEL 4
Davelopment R
TR EFE R EE RN ESERS 1 B
¢ LEVEL 5
Tachnology ":“::
Damonstration LEVEL 6
System/Subsystem LEVEL 7
Development
LEVEL 8
Systam Test, Launch | ===~
and Operations LEVEL 9

BASIC PRINCIPLES OBSERVED AND REPCRTED

TECHNOLOGY CONCEPT AND/OR APPLICATION FORMULATED

ANALYTICAL & EXPERIMENTAL CRITICAL FUNCTION AND/OR
CHARACTERISTIC PROOF-OF-CONCEPT

COMPONENT AND/OR BREADBOARD VALIDATION IN
LABORATORY ENVIRONMENT

COMPONENT AND/OR BREADBOARD VALIDATION IN
RELEVANT ENVIRONMENT

SYSTEM/SUBSYSTEM MODEL OR PROTOTYPE DEMONSTRATION
IN A RELEVANT ENVIRONMENT (Ground or Space)

SYSTEM PROTOTYPE DEMONSTRATION IN A SPACE
ENVIRONMENT

ACTUAL SYSTEM COMPLETED AND "FLIGHT QUALIFIED"
THROUGH TEST AND DEMONSTRATION (Ground or Flight)

ACTUAL SYSTEM "FLIGHT PROVEN" THROUGH SUCCESSFUL
MISSION OPERATIONS

MARCH 17, 1981
JCM-7410
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INTEGRATED TECHNOLOGY PLAN FOR THE CIVIL SPACE PROGRAM

TECHNOLOGY MATURATION STRATEGY

Flight Project
Office
Responsibility

Technology OAST Potentlal Flight Program
Readiness R&T Joint Office
Level Responsibility Responsibility Responsibility
[ 1 1T 11 t

System Test, ——
Launch and
Operations |
Systeny [
Subsystem

Development

Technology
Demonstration;

Technology
Development

Research To
Prove

Feasibility

Baslc
Technology
Research

Flight Project
Full-Scale
Development,

91-8079¢
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